AVAILABLE ENERGY. - DIFFERENTIAL ELEMENT^;  '
The thermodynamical analogues of these properties,  whit be discussed more fully later, are that if a body is surrounded *> medium at temperature T the  total available energy is a minimum when  the   temperature   of  the   body   is T;   that  a   cold   body   may'N become a source of available energy in the presence of a hotter one, and that work may be   generated indefinitely  by   bringing a  body alternately  into the  presence of a hotter and colder medium,  as in Carnot's cycle
45. Another illustration. A mass of gas can do work by expanding and it therefore possesses energy which in the process of expansion is converted into work. But if the gas is surrounded by a medium at constant pressure the only available energy is the work which would be done by the gas in expanding till its pressure is equal to that of the medium. Again, a vacuum or a region containing gas at a lower pressure would become a source of available energy in the presence of such a medium. Lastly for several gases surrounded by a closed envelope the available energy would be the work done in expanding till the pressure was uniform throughout the interior of the envelope. [We may suppose for the sake of simplicity that the pressures of the gases are functions of their volumes only and that the temperature is everywhere constant. This assumption enables us to omit temperature altogether from our equations and consider the phenomena in their purely dynamical aspect.]
4(5. Differential elements. In studying the dynamical properties of extended distributions of matter, the conception of a differential clement is frequently introduced. Thus, in order to define the density of a substance, when variable, we take a volume-element (dxflydz) enclosing any point (x, ?/, z) of the substance, then, if the mass of this element is Qdxdyd$ and the dimensions of the element are suitably chosen, $ will represent the density of the body at the point (x, y, 0). Similarly in defining pressure of a fluid at a point, we take a plane surf ace-element dS containing the point and suppose the thrust on it is pdS, then if the dimensions of the element are suitably chosen, p will be the pressure at the point.
The difficulty in these definitions arises from the fact that mathematical theory requires the element in either case to be infinitely small while physical considerations require it to be infinitely great. It is only by taking the element infinitely small compared with the dimensions whose measurements we are considering that the methods of the differential and integral calculus become strictly applicable, and that the measures of density and pressure tend to approach limits which are independent of the size of the elements of volume and area. On the other hand if matter is made up of• molecules, density and